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10 Carbon Sequestration 

Climate change is widely viewed to be a significant long-term threat to the global environment. Carbon 
dioxide (CO2) and other greenhouse gases (e.g., CH4 and N2O) contribute to climate change by absorbing 
outgoing terrestrial radiation (Jo & McPherson, 2001; U.S. EPA, 2010). EPA projects that the three 
policy scenarios described in Chapter X will increase vegetation as development sites are redesigned to 
replace impervious cover with vegetated areas. EPA analyzed how increasing vegetation levels in 
developed areas can reduce atmospheric carbon (C) in two ways:  directly, by sequestering and storing 
carbon and indirectly, by reducing building energy use (Akbari & Konopacki, 2003; Jo & McPherson, 
1995). 

Trees and other vegetation sequester carbon in their biomass or in the soil, removing it from the 
atmosphere and preventing it from contributing to climate change. EPA quantified the amount of carbon 
sequestered annually by trees and grass by applying values for carbon sequestration per unit area to the 
amount of additional vegetation in each year of the analysis.  

  

This chapter focuses on the economic benefits of greenhouse gas mitigation from carbon sequestration by 
vegetation. EPA monetized the economic benefits of sequestration  based on the social cost of carbon 
(SCC) (Interagency Working Group, 2013). First it describes EPA’s method for quantifying changes in 
vegetation under the policy options, then describes the calculation of net changes in sequestration and 
estimation of monetary benefits. Chapter X of this report presents EPA’s analysis of reduced greenhouse 
gas emissions resulting from changes in energy consumption for cooling and heating due to shade trees.  

10.1 Methodology 
EPA’s analysis of carbon sequestration under the three policy scenarios has three main steps: 

1. Estimate changes in vegetation under policy scenarios considered (Chapter 1); 

2. Estimate net changes in carbon sequestration; and 

3. Estimate monetary benefits based on SCC. 

See Chapter X for descriptions of the estimates of future development, associated stormwater control 
practices, and the three policy scenarios that EPA used to inform this benefits analysis. 

10.1.1 Net Changes in Carbon Sequestration Services 
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11 Atmospheric Pollutant Removal 

Vegetation can act as a sink for ambient pollutants through dry deposition onto the vegetation surface  
and through uptake through leaf stomata (Beckett, Freer-Smith, & Taylor, 2000; Nowak, Crane, & 
Stevens, 2006; Yang, Yu, & Gong, 2008; Nowak et al., 2013). “’Dry deposition’ describes the combined 
removal of particulate pollutants from the atmosphere by gravity, Brownian motion, impaction and direct 
interception” (Beckett, et al., 2000, p.996). Gaseous pollutants are primarily removed by uptake through 
leaf stomata and particulate pollutants are primarily removed by plant surfaces (Nowak, Crane, et al., 
2006; Nowak, et al., 1998). Vegetation is typically only a temporary retention site for particulate 
pollutants. Intercepted particles are re-suspended into the atmosphere, washed off by precipitation, or 
deposited on the ground with leaves, twigs, and other plant debris (Nowak, et al., 1998). The mass of 
pollutant removed by vegetation tends to represent a small fraction of total ambient pollution (Nowak et 
al. 2006; Nowak et al. 2013). For example, annual percentage reductions in ambient PM2.5 range from 
0.05 percent to 0.24 percent for 10 cities examined by Nowak et al. (2013). However, the human health 
benefits of even small percentage changes in air quality can be substantial (Nowak et al. 2013).  

 
 

 
 

This chapter describes EPA’s analysis of direct removal of pollutants.  
 

 

11.1 Methodology 
EPA’s analysis of atmospheric pollutant removal due to the policy options has three main steps: 

1. Estimate changes in vegetation under policy scenarios considered; 

2. Estimate net reductions in atmospheric pollutant concentrations; and  

3. Estimate human health benefits from reductions in pollution concentrations. 

See Chapter X for descriptions of the estimates of future development, associated stormwater control 
practices, and the three policy scenarios that EPA used to inform this benefits analysis. See Chapter 1 for 
a description of EPA’s method for estimating changes in vegetation.  

11.1.1 Estimate Net Reductions in Atmospheric Pollutant Concentrations 
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The following subsections describe EPA’s approach for estimating pollutant removal by tree canopy and 
grass, and estimating changes in pollutant removal and changes in ambient concentrations under policy 
scenarios. 

11.1.1.1 Tree Canopy Flux Rates for PM10, O3, SO2, NO2, and CO 
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11.1.1.2 Tree Canopy Flux Rates for PM2.5 
The i-Tree Vue model does not currently include PM2 5 flux rates, but USFS has recently published a 
methodology for estimating PM2 5 flux and associated health benefits. The study estimates PM2 5 flux 
rates, effect on ambient PM2 5 concentrations, and human health effects for existing tree canopy in ten 
U.S. cities. It uses hourly weather data and data from the literature to incorporate the effects of windspeed 
and precipitation on the deposition and resuspension of PM2 5. Table 2-1 presents flux rates, changes in 
concentration, and percent changes in concentrations for the ten cities analyzed by Nowak et al. (2013). 

 
 

 
 

 
 
 
 

 
  

 
 

                                                      
   

10  USFS derived the state pollutant flux rates in i-Tree Vue from a study of national pollutant removal by Nowak et al. (2006) 
for the year 1994. USFS adjusted the 1994 flux rates to 2000 based on average regional pollution concentrations from 
between 1994 and 2000. The i-Tree Vue manual (USFS, 2011) provides additional detail. 
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11.1.1.5 Calculation of Changes in Pollutant Concentrations 
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11.1.1.6 Calculation of Baseline Pollutant Concentrations 
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11.1.2.3 Valuing Avoided Cases of Adverse Health Effects 
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Appendix B: Additional Detail, PM2.5 Health Benefits Estimation 

This Appendix provides supplementary material to Chapter 3, Atmospheric Pollutant Removal.  
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